Site-directed mutagenesis of the sodium pump: analysis of mutations to amino acids in the proposed nucleotide binding site by stable oxygen isotope exchange.
A model for the active site of P type ATPases has been tested by site-directed mutagenesis of amino acids in two conserved sequences of Mg(2+)-dependent and Na(+)- and K(+)-stimulated ATPase. The mutants K501R, K501E, D586E, D586N, P587A, and P588A were expressed in yeast cells and compared with wild type. In addition to previously published assays of adenosine 5'-triphosphate binding and hydrolysis, measurements of 18O exchange between Pi and water have been used to identify steps in the E2 half of the reaction cycle affected by the mutations. The study supports the prediction that K501 in the KGAP sequence interacts with adenosine 5'-triphosphate. However, quantitative comparisons of the effect of mutation K501E on the activity with the effects of mutations to an enzyme of known structure that also catalyzes phosphoryl group transfer make a direct role for the positive charge on the side chain of K501 in catalysis by stabilizing the transition state unlikely. No evidence for the predicted interaction between D586 and the hydroxyl groups of ribose was found. However, the data do indicate that the spatial organization of the loop containing the DPPR sequence is critical for phosphorylation of the enzyme. A role for D586 in coordinating the Mg2+ that is required for activity is proposed.